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ABSTRACT 
 
Brown, Connie, Lynn, M.S., Spring 2008                                                         Geosciences 
 
The Construction of a Plutonic Complex in a Continental Arc Setting:  The Skookum 
Butte Stock, Western Montana 
 
Chairperson:  Julia A. Baldwin 
 
This study addresses the petrogenesis of a plutonic complex in a continental 
magmatic arc setting by examining the Skookum Butte stock (SBS), a satellite pluton of 
the Idaho-Bitterroot batholith (IBB).  The SBS is part of widespread middle to 
Cretaceous to Eocene magmatism that occurred in the Cordilleran Interior and is 
dominated by biotite-muscovite granite/granodiorite and biotite-hornblende 
granite/granodiorite, to subordinate quartz monzodiorite, and monzogabbro.  Both field 
evidence and geochemical data indicate that SBS magmas were generated from at least 
two distinct sources: a primitive source of mafic to intermediate composition and a more 
evolved felsic source. The mafic primitive members of the SBS have a significantly 
lower silica content averaging 59 wt % and are metaluminous. The granitic main-phase 
melt of the SBS is felsic (63.99-73.82 wt % SiO2) and slightly peraluminous (alumina 
saturation index = 1.04). There are two distinct felsic members represented by biotite-
muscovite and biotite-hornblende granitic rocks that possibly reflect multiple magmatic 
episodes or differences in magma fractionation. The SBS as well as other Cordilleran 
Interior granitoids are distinct in mineralogy and geochemistry from granitoids generated 
in typical subduction-zone settings and these differences indicate a significant amount of 
crustal contamination.  The SBS is lithologically and geochemically similar to other 
intrusive members of the IBB and these similarities have been determined to reflect 
melting of common crustal source materials, namely Proterozoic metasedimentary and 
basement rocks.  These results suggest that first stage mafic melts of the SBS were most 
likely derived in a subduction-zone environment while late stage felsic and largely 
contaminated melts occurred in response to crustal thickening.  Distinct from main-phase 
subduction related melts of the IBB, the SBS is assumed to have formed as an early stage 
magma that underwent lesser degrees of partial melting and crustal contamination 
 iii
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 INTRODUCTION 
 
  
 
The purpose of this thesis is to constrain the petrogenesis of the Skookum Butte 
stock (SBS) through field, petrological, and geochemical analysis in order to provide a 
comparative analysis with the felsic plutonic rocks within the Idaho-Bitterroot batholith 
(IBB) (Figure 1).  The Skookum Butte stock provides an ideal opportunity to compare 
and contrast the magmatic evolution in each respective body.  Magmatic members within 
the stock are representative of the major units that compose the IBB and likely to be a 
product of similar magma mixing processes.  This study will further characterize the 
Figure 1.  Generalized location map of field area. 
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evolution and formation of the heterogeneous Idaho-Bitterroot batholith and will aid in 
understanding its petrogenesis in both a local and regional context.  
 
 
GEOLOGIC BACKGROUND 
 The North American Cordillera was the site of widespread middle Cretaceous 
(~120-66 Ma) to Eocene (66-40 Ma) bimodal magmatism that extended from Alaska to 
northern Mexico.  During this time, large plutonic bodies formed and extrusive volcanism 
was less voluminous.  This large-scale intrusive magmatism is correlated to two distinct 
chronological and spatial types, a coastal mode and an inland type (Driver at al., 2000).   
Coastal magmatism started during the Late Jurassic (~144 Ma) and is represented by the 
Coast Plutonic Complex in Alaska, Yukon, and British Columbia, the Sierra Nevada 
batholith, and the Peninsular Ranges batholith in southern California and Mexico and is 
considered to be typical of continental-margin arcs (Figure 2). These granodiorite and 
tonalite intrusions typically have low potassium contents and contain a considerable 
mantle component, revealed by their primitive isotope signatures (87Sr/86Sr = ~.703) 
(Brandon and Lambert, 1994; Friedman et al., 1995).   Magmatism that occurred inland 
from the continental margin is represented by the Idaho batholith, Cassiar batholith, 
Bugaboo, White Creek, and Horsethief Creek batholiths of British Columbia, and smaller 
batholiths extending from British Columbia to Arizona and New Mexico (Figure 2) 
(Miller and Barton, 1990; Driver et al., 2000).  Dominant rock types are biotite or 
muscovite-biotite granite and granodiorite.  These plutons are notably more felsic and 
peraluminous in composition, reflecting a different tectonic origin than their coastal 
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counterparts (Miller and 
Barton, 1990).  This region 
overlapping cratonic North 
America is bounded to the west 
by the 87Sr/86Sr 0.706 line 
(Kistler and Peterman, 1973; 
Armstrong et al., 1977), and 
has been interpreted as the 
boundary between cratonic 
North America and accreted 
crust (Monger and Price, 1979; 
Fleck and Criss, 1985).  
Therefore batholiths in this 
region display more enriched 
isotope signatures (87Sr/86Sr = 
>0.706). 
The formation of these inland batholiths is attributed to a mixing of magmas and 
crustally-derived melts produced by subduction and crustal thickening along the western 
margin of the continent approximately 50 to 120 Ma (Hyndman and Foster, 1998; Miller 
and Barton, 1990; Mueller et al., 1995; Driver et al., 2000).  Magmatism in the 
Cordilleran interior is distinct in many respects from the typical coastal type subduction-
zone magmatism; however the generation of these inland type magmas has been 
attributed to a subduction-induced thermal regime (Miller and Barton 1990; Hyndman 
Figure 2.    Major Mesozoic batholiths of the North American 
Cordillera.  CPC-Coast Plutonic Complex, BB-Bugaboo 
batholith,HCB-Horsefthief Creek batholith, WCB-White 
Creek batholith, FCB-Fry Creek batholith, BaB-Bayonne 
batholith, SP-Spirit pluton, SNB-Sierra Nevada batholith, 
PBR-Peninsular Ranges batholith.  Interior batholiths occur 
west of the Sr .706 line (After Driver et al., 2000). 
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and Foster, 1988).  The petrogenesis of the Idaho batholith appears related to subduction 
west of the region during Jurassic to Cretaceous time.  The proposed subduction zone 
would lie west of the Seven Devils/Wallowa terranes in areas now overlain by the 
Miocene Columbia River basalts (Talbot and Hyndman, 1975; Hyndman et al., 1988).  A 
subduction zone setting is inferred from the converging continental margin environment 
of the batholith complex, andesitic country rocks observed in the western border zone 
(Hyndman et al., 1988), and from the arc-magmatic composition of the mafic rocks of the 
western border zone (Hyndman 1983; Hyndman, 1984; King and Valley 2001, Russell, 
2005).   Since large-scale melting occurred, there must have been a major additional 
source of heat in addition to that available in the overthickened accretionary wedge.  
Previous studies (Brown and Hennessy, 1978; Cloos, 1982; Wang and Shi, 1984; 
Chapman, 1986; Furlong, 1986) have shown that temperatures in the accretionary prism 
of a subduction zone are typically less than 400○C.   Therefore, dehydration within the 
subducting slab is assumed to have initiated melting in the overlying mantle wedge, 
forming basaltic magmas that ascended into the lower to middle continental crust.  
Secondary melting in the continental crust most likely occurred from this rise of high-
temperature basaltic magmas and additional water supply provided by dehydration of the 
subducting slab, resulting in melting temperatures as low as 700○ to 800○C (Hyndman et 
al., 1988).  An increase in mafic magma input could also have occurred during Eocene 
extension following middle to late Cretaceous crustal thickening.  
The Idaho batholith is a 39,000 km2 plutonic complex in the northern Rocky 
Mountains of central Idaho and western Montana and is the largest in the series of 
Cordilleran interior batholiths that formed inland of the western edge of North America 
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during Mesozoic and early Tertiary times (Figure 3) (Hamilton, 1978; Hyndman, 1983; 
Toth and Stacey, 1992; King and Valley, 2001).  The main portion of the batholith is 
divided into two geographically distinct provinces, the smaller and younger northern 
Bitterroot lobe (14,000 km2) and the larger and 
older southern Atlanta lobe (25,000 km2).  The 
two lobes are separated by regionally 
metamorphosed Proterozoic Belt Supergroup 
sedimentary rocks of the Salmon River arch (King 
and Valley, 2001).  The Idaho batholith is similar 
in age and petrology to the other interior 
batholiths, although it was emplaced into 
primarily Proterozoic miogeoclinal 
metasedimentary rocks instead of Phanerozoic 
eugeoclinal rocks and therefore exhibits 
differences in geochemistry (Toth and Stacey, 1992).  The miogeocline is a sequence of 
shallow marine sandstones and limestones that gradually taper into the craton and the 
eugeocline is a thick sequence of deep marine shales, sandstones, volcanic rocks and 
chert.  Distinct from most large composite batholiths, the Atlanta lobe is not comprised of 
individual small plutonic bodies, but of large gradational phases that trend north-south 
(Johnson et al., 1988).  Oxygen isotope ratios of zircons from the Atlanta lobe, Bitterroot 
lobe and associated Tertiary plutons are consistent with a magma source that originated 
by the assimilation of Proterozoic crustal rocks into a juvenile arc magma (King and 
Valley, 2001; King and Valley, 2007).  The inference of major Proterozoic lower crustal 
Figure  3.  Location map of Idaho 
batholith lobes. 
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components are based on inherited Proterozoic zircon cores, high initial 87Sr/ 87Sr, low 
143Nd/144Nd, Proterozoic Pb-Pb isotope isochron ages, low 207Pb/204Pb with respect to 
206Pb/204Pb, and rare-earth element patterns (Fleck and Criss, 1985; Shuster and Bickford, 
1985; Toth and Stacey, 1992; Mueller et al., 1995).  This source and magnitude of crustal 
contamination has resulted in ambiguous classification of the Idaho batholith as I- or S-
type granite based on geochemical criteria, especially in the Bitterroot lobe (Hyndman, 
1984; King and Valley, 2001).   
The emplacement of the Idaho batholith spans a range of time, from 120 to 54 Ma, 
with many of the intrusive bodies of the complex containing inherited zircon cores that 
are Proterozoic in age (Armstrong, 1977; Chase et al., 1978, Bickford et al., 1981; 
Shuster and Bickford, 1985; Toth and Stacey, 1992).  Field relationships suggest that 
widespread synplutonic mafic magmas were injected throughout the evolution of the 
Idaho batholith magmatic arc, and cross-cutting relationships indicate that this possibly 
occurred as continuous pulses.  The maximum age of the batholith is constrained by 
intrusive relationships with Pennsylvanian-Permian marine sedimentary rocks to the east 
and Triassic volcanic rocks to the west (~286-208 Ma).  The minimum age is constrained 
by overlying Eocene Challis volcanics and related intrusions (51-44 Ma) (Armstrong, 
1974; Armstrong, 1975; Hyndman, 1983).  Ages of granitic rocks of the Idaho batholith 
are oldest at the western margin with a younging trend to the east; early tonalite and 
quartz diorite from the far western side of the batholith are 118-89 Ma (Armstrong et al., 
1977; Fleck and Criss, 1985; Manduca et al., 1993, King and Valley, 2007).  Magmatic 
epidote found in undeformed rocks of the western margin provides U-Pb zircon ages of 
approximately 90 Ma and suggests emplacement depths of greater than 20 km (Zen, 
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1985; Lund and Snee, 1988; Snee et al., 1995). Regional field relations suggest that 
tonalitic and quartz dioritic rocks may underlie much of the main-phase granodiorite to 
granite and would likely have a deeper source of up to 70 km (Hyndman, 1981; Hyndman 
et al., 1988.)  Quartz diorite orthogneisses in NW border zone areas were probably 
emplaced at this time or slightly later (Ferguson, 1975; Chase et al., 1978; Bickford et al., 
1981; Snee et al., 1985) and these units are postdated by border zone weakly foliated or 
massive quartz dioritic to granodioritic plutons that predate main felsic phases.  Field 
observations demonstrate that synplutonic intrabatholith dikes that intrude and display 
cross-cutting relations with main phase granodiorite to granite of the batholith were 
emplaced as recently as 70 to 66 Ma (Chase et al., 1978; Shuster and Bickford 1985; 
Hyndman et al., 1988).  All representative rock types in the plutonic complexes are 
apparently mingled together and each rock type exists as inclusions in all others 
(Hyndman et al., 1988). 
The main phases of the batholith are late Cretaceous in age while, lesser epizonal (< 
10 km) Tertiary plutons (~60-40 Ma) intrude the Cretaceous main phases as well as the 
surrounding Paleozoic, metasedimentary country rocks (Figure 4) (King and Valley, 
2001; King et al., 2007).  Igneous rocks of the Idaho batholith appear to form a genetic 
continuum from mafic to felsic in the magmatic development of the plutonic complex 
and these rocks include early batholithic tonalite and quartz diorite, migmatitic pegmatite, 
main-phase granodiorite and granite, and intra-batholith synplutonic mafic dikes 
(Bickford et al., 1981; Hyndman, 1983; Shuster and Bickford, 1985; Hyndman et al., 
1988).  The early phase tonalite and quartz diorite complexes are heterogeneous and 
contain granite and basaltic end-members that include intermediate rock types that 
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possibly reflect mixing of initial 
components.  The intermediate 
members include hornblende-biotite 
quartz diorite, and biotite granodiorite 
with high a color-index (dark colored 
mafic minerals) that is indicative of a 
higher mafic content (Hyndman, 
1984).  Main phase granodiorites and 
granites have a low color index (light 
colored felsic minerals) and are 
medium-grained equigranular rocks. 
These rocks typically contain 15-30% 
K-feldspar, with 2-3% accounted for 
by white to pale pink anhedral and 
subhedral megacrysts that average in 
size from 1-4 cm (Hyndman, 1984).  Quartz is common and typically composes 20-35% 
of the rock.  Biotite and muscovite are the prominent modifying minerals, about 5% 
biotite and <2% muscovite are present; the remaining constituent of the rock is white 
plagioclase (30-35%).  Dike composition represents a complete range from basaltic 
andesite to dacite and compares well with high-K basaltic andesite, representing either 
uncontaminated subduction zone or basalt magma which was slightly contaminated in the 
lower crust or possibly deeper levels in the batholith (Hyndman, 1983, Hyndman et al., 
1988).  The magmatic evolution apparent in the characteristic mafic to felsic sequence 
Figure 4.   Distribution of Idaho batholith rocks 
(After King and Valley, 2001. 
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seen in the Idaho batholith may be important in the evolution of the SBS since similar 
field relationships have been observed in the stock.  Intermediate and mafic igneous rocks 
in the form of tonalite and quartz diorite, border zones of granite and granodiorite, and 
synplutonic dikes are widespread and voluminous in many major continental margin 
batholithic terranes (Hyndman et al., 1988; Driver et al., 2000).   
The Bitterroot lobe (IBB) is more chemically homogeneous compared to the Atlanta 
lobe, with SiO2 ranging from 65 to 79 wt%, averaging 71 wt%.   Previous studies of the 
Atlanta lobe (Lewis et al., 1987) have shown SiO2 contents ranging from 61 to 78 wt%, 
averaging 70 wt%. The Bitterroot lobe comprises a plutonic complex that forms a 
northwest-trending tabular body that intrudes Proterozoic metasedimentary rocks of the 
Belt Supergroup and underlying pre-Belt basement rocks to the north, south, and east and 
intrudes allochtonous metavolcanic and metasedimentary rocks to the west (Hyndman, 
1984; Toth and Stacey, 1992).  Based on metamorphic mineral assemblages and the 
presence of magmatic muscovite, the units of the Bitterroot lobe are assumed to have 
been emplaced at depths ranging from 17-20 km; however, by 88 Ma pluton 
emplacements occurred at progressively shallower levels at depths of 5-10 km 
(Hyndman, 1981; Toth, 1987; Snee et al., 1995; Foster and Fanning, 1997).  The intrusive 
body contains two main Cretaceous phases: hornblende-biotite tonalite/quartz diorite 
plutons and muscovite-biotite granodiorite/monzogranite plutons (King and Valley, 
2001). The most voluminous unit is a slightly foliated, medium-grained two mica granite 
containing K-feldspar megacrysts that yield zircon ages of 55-54 Ma (Bickford et al., 
1981).  Pegmatite veins located within the main-phase granites contain miarolitic cavities 
that are the product of fluid segregations within the plutonic host and indicate the release 
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of hydrous fluids and the addition of H2O (Winter, 2001).  This suggests two depths of 
crystallization: incomplete crystallization of main phases at mesozonal depths, followed 
by diapiric rise and crystallization of late-stage pegmatitic fluids at epizonal depths 
(Hyndman, 1984). Tertiary epizonal plutons intrude the central-eastern portion of the IBB 
and have been described as anorogenic plutons (A-type) that formed as a result of 
regional continental extension (King and Valley, 2001).  These anorogenic plutons are 
described as a bimodal suite, consisting of predominantly pink granite and gray quartz 
monzodiorite (King and Valley, 2001) and depths of emplacement are estimated to be 1.5 
km based on normative mineralogy and experimental crystallization data (Rehn and 
Lund, 1981). Granitic phases are more common, with K-Ar ages on whole rock bulk 
samples ranging from 50 to 42 Ma (Bennett and Knowles, 1985). Both phases have been 
described as A-type based on whole-rock geochemical analyses, as well as fluorine 
contents in biotite and fluorite present in miarolitic cavities (Bennett and Knowles, 1985; 
Lewis and Kiisgaard, 1991; King and Valley, 2001).   
 
 
METAMORPHIC EVOLUTION  
The Bitterroot metamorphic core complex (BMCC) comprises the northeastern 
border zone of the IBB  and the formation and exhumation of the complex is coupled 
with deformational features such as Tertiary magmatism, foliation development and 
migmatite formation evident in the central part of the Idaho-Bitterroot batholith  (Figure 
5) (Hyndman, 1980).  The BMCC is an exhumed, mid-crustal, plutonic-metamorphic 
complex that formed during crustal thickening and subsequent extension in the hinterland 
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of the Cordilleran orogen; crustal thickening in this sector of the Cordilleran began before 
100 Ma, but the early phases of this process are poorly constrained (Foster et al., 2001).  
The BMCC is bound on the eastern edge by the Bitterroot mylonite zone, with 
mylonization occurring approximately from 50 to 44 Ma (Hyndman, 1980; Chase et al., 
1983; Foster and Fanning, 1997; House and Hodges, 2002).  The Bitterroot detachment is 
proposed to be associated with the unroofing of the Idaho batholith and is strongly 
connected to Eocene extension.   Even though pluton emplacement is thought to have 
Figure 5.  Location of the BMCC and associated plutons and tectonic features (After Foster and 
Fanning, 1997). 
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occurred at increasingly shallow levels through time, the age variation between 
mesozonal and epizonal intrusions in the Bitterroot lobe implies nearly 10 km of uplift in 
less than 5 Ma (King and Valley, 2001). Collapse in the vicinity of the orogen appears to 
be linked to intense and long-lasting partial melting and plutonism (Foster et al., 2001).  
The location of the BMCC is consistent with the north to south geographic trend that the 
western North American Cordilleran core complexes display. 
 
 
SCOPE 
The Skookum Butte stock, the focus of this study, has been interpreted as a 
granodioritic stock; however, the stock exhibits a range of compositions.  Based on 
studies by Nold (1968, 1974), Hyndman et al. (1988), Lewis et al. (1992), and House et 
al.( 2002), the eastern and southeastern zones are composed of both foliated and non-
foliated monzogabbros, quartz monzodiorites, and quartz diorites that intrude Proterozoic 
upper-amphibolite facies metaquartzites and biotite-muscovite-sillimanite gneiss.  The 
northern and western margins along with the central portion of the stock consist of 
massive biotite-muscovite and biotite-hornblende granites and biotite-muscovite and 
biotite-hornblende granodiorites that intrude Proterozoic biotite-grade metaquartzites and 
calc-silicate gneisses (Nold, 1968, 1974; Hyndman et al., 1988; Lewis et al., 1992; House 
et al., 2002).  Previous work by Foster and co-workers (2001) determined a preliminary 
age of 76 ± Ma (Cretaceous) for the quartz diorite using zircon SHRIMP dating of fifteen 
zircon mineral grain separates; inherited Paleoproterozoic cores were also detected. 
House et al. (2002) analyzed six zircon multigrain fractions using TIMS to establish a 
lower intercept age of 47 ± 2 Ma (Eocene) for the biotite granite located south of the area 
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mapped for this study (Figure 6).  These ages indicate that there are at least two stages of 
emplacement that occurred in the SBS. 
Based on the 
diversity of SBS 
rocks and 
documented age 
variation, there are 
likely to be multiple 
magmatic episodes 
preserved.  These 
phases are similar in 
mineralogy to the 
main-phases of the IBB and are assumed to be linked to the regional batholith formation.  
This study will compare and contrast the main phases of the IBB with those of the SBS in 
order to establish petrogenetic similarities and differences in order to understand the 
construction of this plutonic complex. 
 
 
METHODS 
 
 
 The northern portion of the Skookum Butte stock was mapped at the 1: 24,000 
scale in order to establish petrological and structural complexity (Figure 7).  This field 
area is located on the West Fork Butte and Dick Creek 7.5’ Northwest Montana 
quadrangles.  Differentiation between the various units was determined from mapping 
Figure 6.  Map shows known ages of SBS stock (After Foster et al., 2001 
and House et al., 2002). 
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lithologic variations and fabric development in the field, petrographic analysis, and by 
discriminating magma sources through whole-rock and trace element geochemical 
analyses.   
Samples collected for this study represented the diversity of the granite as well as the 
mafic rocks of the stock (Figure 8). Billets were cut from samples representative of each 
lithology, and thirty-two thin sections were made by Spectrum Petrographics, Inc.  
Following petrographic analysis, thirty-one samples were selected for geochemical 
analyses.  2 x 2” rectangular slabs were cut from each sample, broken, and powdered 
using an alumina ceramic shatterbox.  Major and trace element analyses of the powders 
were performed by Activation Laboratories LTD using inductively coupled plasma mass 
spectrometry (ICP-MS) (Appendix B). 
 
Figure 7.  Simplified geologic map of the Skookum Butte stock. 
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FIELD RELATIONS  
INTRODUCTION 
 
 The Skookum 
Butte stock intrudes 
Proterozoic units of 
the lower Belt  
Supergroup, 
specifically the 
Wallace, Ravalli, and 
Prichard Formations.  
The Belt Supergroup 
in this area generally consists of thick sections of quartzites, argillites, and siltites that 
generally contain calcareous components.  These rocks have been subjected to conditions 
of upper amphibolite facies metamorphism and multiphase deformation, followed by 
metamorphism under low-pressure conditions (Werenburg, 1972; Nold, 1974; Bickford 
et al., 1981).   Metamorphosed rocks of the Wallace Formation (Ywcs) are mainly calc-
silicate in composition and consist of quartz, plagioclase, diopside, K-feldspar, and 
hornblende.  This unit is best described by its diopside green color and pronounced 
gneissic banding (Figure 9).  These rocks are fine to coarse-grained and contain a 
foliation defined by biotite and amphibole.  The metamorphosed portion of the Ravalli 
Group present in the field area is a quartzite unit (Yq) that is positioned stratigraphically 
above the Prichard Formation and is primarily micaceous quartzite and mica-feldspar-
quartz gneiss.  Rocks are fine to medium-grained with quartz, feldspar, muscovite, and 
Figure 8.  SBS sample location map.
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Figure 10.  Photo shows structures present in Ysgn 
(UTM 11 0704047 5170868). 
biotite identifiable in hand 
sample.  This unit is 
differentiated by high quartz 
content and typical gray to 
tan weathering. The 
metamorphosed equivalent of 
the Prichard Formation is a 
pelitic schist unit (Ysgn) 
composed of alternating 
bands of pelitic schist and 
mica-sillimanite gneiss that contain smaller quartzite and calc-silicate layers.  The 
gneisses are strongly layered with micaceous and quartzo-feldspathic layers that range in 
thickness from a few millimeters to less than ten inches and samples often display 
schistosity that parallels layering (Figure 10). This unit is easily distinguished by its 
characteristic reddish-brown and 
gray weathering and the rocks are 
medium to coarse-grained with 
biotite, muscovite, K-feldspar, 
plagioclase, hornblende, quartz, 
and sillimanite visible in hand 
sample.   
The stock is predominantly 
massive granite/granodiorite with 
Figure 9.  Ywcs gneissic banding (UTM 11 0696551 5173692). 
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variations of both foliated and non-foliated quartz diorite, quartz monzodiorite, 
monzodiorite, and monzogabbro (Figure 11) and is concealed in some areas by 
Quaternary alluvium (Appendix A).  The eastern and southeastern zones of the stock 
intrude upper-amphibolite facies metaquartzite (Yq) and biotite-sillimanite gneiss (Ysgn), 
while the northern and western segments intrude biotite-grade metaquartzite (Yq) and 
calc-silicate gneiss (Ywcs) (Figure 12).   
  
MAGMATIC FEATURES OF THE SKOOKUM BUTTE STOCK 
Figure 11.  Classification of phaneritic igneous rocks using IUGS system (Streckeisen, 1974).  The 
rock must contain a total of at least 10% of the minerals: Q = quartz, A = alkali feldspar, P = 
plagioclase which are then normalized to 100%. 
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Figure 12.  Correlation chart of SBS map units.
The SBS is reasonably homogenous 
in composition and magmatic texture with 
biotite-muscovite granite/granodiorite and 
biotite-hornblende granite/granodiorite 
representing the two main intrusive 
members.  These phases were interpreted to 
reflect the bulk composition of the stock and 
samples from these units were classified as 
the main suite for this study (Appendix C).  
Throughout the stock there is evidence for 
magma mingling and units have been 
incorporated into one another as small pods, 
although this is less frequent in the central 
portion of the SBS.  For the most part, the stock is undeformed; however eastern and 
southeastern portions contain bands of highly deformed and foliated rock that generally 
strike to the NE and dip to the NW (Appendix A).  In these locations, small-scale syn-
plutonic mafic dikes and larger mafic pods cross-cut the stock.  There is also field 
evidence for hybridization between the granitic and mafic magmas (Figure 13); this 
interaction was observed in other sections of the stock, but only in fall rocks and not in 
situ.  Material of apparently intermediate composition is present between mafic and felsic 
components, suggesting small-scale mixing.  In several places, small meter size mafic 
dikes contain minor (mm-cm) felsic injections from the adjacent granite. There are also 
areas where rounded blocks of granite contain atypical fine-grained mafic enclaves and 
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pillows with crenulate margins that are centimeters to meters in scale.  It is possible that 
occurrences of these mafic xenoliths represent unmixing of primary restite from the 
source location or 
possibly more advanced 
stages of wall rock 
contamination.  Where 
the largest 
monzogabbroic unit is 
exposed, there is a 
transition indicated in the 
felsic rocks.  West of the 
mafic unit massive coarser-grained biotite granite is present, whereas east of the mafic 
member a finer-grained, sometimes foliated diorite is present.  In this location, a normal 
fault has been previously mapped by Lewis and co-workers (1992); however no field 
evidence was confirmed during this study. 
 
CONTACTS 
 
 The Skookum Butte stock has irregular intrusive contacts with the surrounding 
Precambrian country rock, with one rock type often grading into another without a clearly 
defined boundary.  Occasional cm- to m-scale xenoliths of country wall rock are limited 
to areas within meters of the contact. The sharpest contacts occur in the eastern portion of 
the stock with abrupt transitions into the biotite-muscovite-sillimanite gneiss of the Ysgn 
(Figure 14). At these locations, the Ysgn caps the stock and commonly displays 
Figure 13.  Evidence of magma mingling (UTM 11 0705127 5169663).
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Figure 14.  Photo of SBS and Ysgn contact (UTM 11 0702940 
5167746). 
amphibolite facies 
metamorphism.  Enclaves 
of the stock are contained 
within the formation and 
leucosomes and 
migmatites are common.  
In several areas, the 
metasedimentary rocks 
and migmatites are 
strongly deformed and tightly folded; crenulation folds range from a cm to a meter in 
scale (Figure 15).  Pegmatitic dikes emanating from the stock measure a few meters into 
the surrounding metasedimentary rocks; these features are well developed at contacts 
with Ywcs and likely are a product of devolatilization reactions (Figure 16).  Hand 
samples of Ywcs at these 
locations are coarse-
grained amphibolite facies 
metamorphic rocks that are 
various shades of green, 
light brown, and gray and 
contain small pods (mm to 
cm) of dioritic rock.  
Amphibole porphyroblasts 
are .5 to 3 mm in size and 
Figure 15.  Folded migmatites at SBS and Ysgn contact (UTM 11 
706353 5172131). 
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Figure 16.  Pegmatitic dikes near SBS and Ywcs contact 
(UTM 11 0696551 5173692). 
sphene is visible with a hand lens. 
Calcite was not observed in hand 
sample or thin section.  The Yq 
unit contains thin layers of biotite 
schist, with minimal alteration 
resulting from contact 
metamorphism. 
 
 
PETROGRAPHY 
FELSIC ROCKS 
The major minerals of the granitic rocks are (in order of abundance) plagioclase 
feldspar, potassium feldspar, quartz, biotite, hornblende, and muscovite (See Appendices 
C and D for full thin section descriptions and point counts).  Accessory minerals include: 
apatite, opaques, rutile, sphene, and zircon.   Biotite-muscovite granite and granodioritic 
samples are typically light gray to white, coarse-grained and hypidiomorphic 
equigranular. They consist of K-feldspar (20-52 %), quartz (28-49 %), plagioclase 
feldspar (6-36 %) and biotite (9-11 %). Muscovite is scarce, comprising less than 6 % of 
the grains observed by volume in any given thin section (Figure 17).  The biotite-
hornblende granitic rocks contain a higher color index and are coarse-grained with 
subhedral to euhedral K-feldspar (12-40 %) and hornblende phenocrysts (1-4 %) in a 
medium-grained groundmass of plagioclase feldspar (16-39 %), quartz (21-36 %), and 
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biotite (11-18 %) (Figure 18). These samples typically contain large grains of sphene (1-2 
%) that are not commonly observed in the biotite-muscovite granite (Figure 19). 
Both rock types display 
similar textures in thin section, 
despite mineralogical 
differences.  Potassium 
feldspar is regularly present as 
centimeter to millimeter sized 
grains and displays both 
Carlsbad and tartan twinning in 
thin section.  Myrmeketic 
texture that commonly forms 
during cooling of granitic rocks 
is common along potassium 
and plagioclase feldspar grain 
boundaries.  Alkali feldspar 
and quartz intergrowth is 
displayed by granophyric 
texture and indicates 
simultaneous precipitation 
from the melt.  In thin section, 
subhedral to euhedral 
plagioclase feldspar is often 
Figure 17.  Bt-Msc granite under cross-polarized light (10x).
Figure 18.  Bt-Hbl granite under crossed-polarized light (10x).
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Figure 20.  Feldspar alteration and white mica 
formation under cross-polarized light (10x). 
strongly zoned, displaying calcium rich cores.  Plagioclase feldspar and quartz 
intergrowth is common, with plagioclase grains typically displaying a poikilitic texture.  
Quartz grains typically display strong 
undulatory extinction and small masses of 
polycrystalline quartz with irregular, sutured 
grain boundaries are also evident at feldspar 
grain boundaries.   
 
SECONDARY MINERALOGY 
 Feldspar alteration is visible in thin 
section with white mica sericite formation occurring mostly at grain boundaries (Figure 
20).  This alteration generally occurs within 
the biotite-muscovite and muscovite-biotite 
granite and biotite-muscovite granodiorite 
units and is uncommon in the biotite-
hornblende samples.  Biotite is common in 
rock types and is often intergrown and altered 
to chlorite, with some grains boundaries 
having a bent or splayed appearance.  
 
MAFIC ROCKS 
Mafic rocks of the Skookum Butte stock consist of syn-plutonic dikes and 
monzogabbroic to monzodioritic rocks that are found mainly in the eastern and 
Figure 19.  Sphene phenocryst in Bt-hbl granite 
under cross-polarized light (10x). 
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southeastern portions of the stock (Appendix A).  For this study, any felsic samples that 
contained mafic enclaves were considered hybrids and classified as mafic contaminated.  
Miller et al., 2003).  Foliated and non-foliated intrusive mafic rocks are medium-grained 
with abundant hornblende (25-52 %) within a finer-grained matrix of plagioclase (15-36 
%), quartz (4-19 %), potassium feldspar (1-13 %) and biotite (10-22%) (Figure 21).  The 
mafic dikes are fine-grained and 
rich in plagioclase and hornblende, 
with lesser amounts of quartz and 
biotite; the dikes tend to be only a 
few meters in width and are 
usually present near the eastern 
contact with the biotite-muscovite-
sillimanite gneiss of the Ysgn.  
 
 
METAMORPHIC  
 Metamorphic samples from the contact aureole to the SBS were examined.  
Samples of the Yq were not used for petrographic analysis because of the homogeneity of 
the unit and lack of aluminous minerals.   Samples of the Ywcs collected at contact 
boundaries are coarse-grained, and consist of subhedral and euhedral diopside (40-50 %), 
amphibole (15-20%), quartz (15-20 %), plagioclase (10-15 %), K-spar (5-10 %),  
orthopyroxene (~5 %) and apatite (<1 %) (Figure 22).  Euhedral muscovite grains 
overprint feldspar grains. Samples of the Ysgn are fine to medium-grained and composed 
Figure 21.  SBS monzogabbro under cross-polarized 
light (10x). 
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of euhedral plagioclase (15 %), 
muscovite (10-15 %) and biotite (15 
%) along with irregular, subhedral 
quartz (40 %) and K-spar (15 %).  
Sillimanite blades (<1%) are present 
within quartz and feldspar grains and 
indicate equilibrium mineral growth.  
Biotite, muscovite, and hornblende 
(<1 %) form the foliation fabric 
present in all samples and samples 
collected near the contact with the SBS 
typically contain muscovite-rich 
leucosomes that indicate solidus 
temperatures    were reached (Figure 
23).   
 
 
ANALYTICAL RESULTS 
 
 
 
INTRODUCTION 
 
Samples analyzed for this study represent the main SBS magmatic suite and were 
classified into four categories: felsic biotite-muscovite granite/granodiorite, felsic biotite-
hornblende granite/granodiorite, mafic monzogabbro/monzodiorite, and felsic-mafic 
hybrids.  Harker variation diagrams were constructed for all four SBS lithologies.  
Figure 22.  Ywcs under cross-polarized light (4x).   
Figure 23.  Ysgn foliation fabric under cross-
polarized light (4x). 
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Figure 24. Alumina saturation index for all SBS rock types. 
Variation diagrams are used to evaluate trends in geochemical data and aid in 
understanding the processes responsible for their magmatic sources and evolution.  
Harker diagrams with silica as the abscissa plotted against the other major oxides were 
used because SiO2 increases steadily with magmatic fractionation and indicates the 
degree of evolution; the magma with the lowest silica content is generally accepted as the 
parental magma.  REE (rare earth element) spider diagrams were also constructed and 
used to display trace element enrichment or depletion within the SBS.  Trace elements 
were normalized to chondrite values (Sun and McDonough, 1989) that approximate the 
chemical composition of the bulk Earth.  This enabled a geochemical comparison of a 
primitive magma source with the SBS in terms of petrogenesis and magmatic evolution.     
 
 
MAJOR AND TRACE ELEMENT GEOCHEMISTRY 
 The felsic main stage phases of the Skookum Butte stock are slightly 
peraluminous (Figure 24), with normative corundum vol% ranging from 0.13 to 0.97% 
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Figure 25. Tectonic discrimination diagram for all SBS rock types. VAG=Volcanic Arc Granite, 
Syn-Colg=Syn-Collisional Granite, WPG=Within-Plate Granite, ORG=Ocean-Ridge Granite. 
(Appendix E) and with silica content ranging from 63.99 to 73.82 wt % (Appendix B). 
Silica contents in mafic samples ranges from 49.67 to 59.25 wt % (Appendix B).  Two 
samples (Samples 35 and 78) that appear to be felsic-mafic hybrids have silica contents 
of 49.67 and 59.25 wt % and plot separately as metaluminous and peraluminous (Figure 
24).  The highest silica rocks are typically the biotite-muscovite granitoids, with the 
biotite-hornblende members possessing silica content as high as 71.76 wt% (Appendix 
B).  Pearce et al. (1984) used combinations of trace elements to broadly correlate 
granitoid chemical composition with tectonic setting. On the tectonic discrimination 
diagram used for this study all rock types typically plotted as continental arc rocks and 
this was calculated from the ratio of Rb versus Y+Nb (Figure 25).  
Compositions for the SBS generally plot with consistent slope trends on Harker 
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variation diagrams (Figures 26 and 27), with compatible elements increasing and 
incompatible elements decreasing with increasing SiO2.  The two mica granitic and mafic 
contaminated members contain less (~ 2 wt %) Al2O3 than the biotite-hornblende granitic 
and mafic monzogabbroic members and the mafic rocks also contain more CaO (1-5 wt 
%) and MgO (1-8 wt %) than the other units.  All of the samples generally plot in the 
same range for Na2O (2-5 wt %).  The mafic rocks have lower K2O (2-5 wt %) 
concentrations and higher FeO (up to 10 wt %) and MnO (~ 1 wt %) concentrations than 
the felsic suites.   The mafic samples contain slightly more TiO2   (<1 wt %), while all of 
the samples contain less than 2 wt % TiO2 and 1 wt % P2O5.  For all samples Ba ppm and 
Rb ppm generally increase with increasing SiO2, while Sr ppm decreases. The biotite-
hornblende samples contain the most Zr; the range for all samples is 100-300 ppm.  
The felsic suite rocks have crustal rare earth element concentrations slightly 
above 300 times chondritic La (Figure 28).  There is a slight negative europium anomaly.  
REE patterns are negatively sloping and nearly linear, with low heavy rare earth 
concentrations (3 times chondrite).  The mafic rocks have much higher LREE (light rare 
earth element) concentrations and plot at 600 times chrondritic La (Figure 29).  There are 
minor positive and negative Eu anomalies present, with the negative anomaly comparable 
to the felsic suite. HREE concentrations are greater than those found in the granitic 
samples and plot approximately 10 times greater than chondrite.   
Zircon saturation temperatures (TZX) calculated from bulk-rock compositions 
provide minimum estimates of temperature if the magma was zircon undersaturated, 
while maxima temperatures are achieved if the magma was saturated (Miller et al., 2003).   
Zirconium concentrations from felsic suite samples average 169 ppm and yield zircon  
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Figure 26.  Harker variation diagrams for SBS major oxides. 
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Figure 27.  Major and trace element variation diagrams for all rock types of the SBS. 
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Figure 28.  REE multi-element diagram for felsic SBS rock types.
Figure 29.  REE multi-element diagram for mafic and mafic contaminated 
SBS rock types. 
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saturation temperatures ranging from 732○C to 813○C.  The average of 771 ± 27 ○C (σ = 
1) should provide a reasonable estimate of the melt crystallization temperature (Appendix 
F) (Watson and Hanchar, 2003; and Miller et al., 2003).   Abundant zircons were 
observed in thin section and crystallization temperatures are assumed to reflect 
maximums.  Current models for generating low temperature magmas (T < 800 C○) 
require a water rich fluid phase in order to induce large scale melting; heating by influx 
of mafic magma is permitted, but may not be required (Miller et al., 2003).  Granitoids 
generated at hotter temperatures (T = 800 C○ +) are typically dryer and are associated 
with dehydration melting in the crust and the generation and fractionation of mantle melts 
(Miller et al., 2003).  These results suggests that the SBS magma was not a particularly 
wet melt, yet contained significant hydrous phases. 
 
 
DISCUSSION 
 
 
INTRODUCTION 
 
 Distinctive characteristics of the Skookum Butte stock place constraints on its 
petrogenesis.  The mineral assemblages and field relationships of the SBS suggest that its 
origin is strongly linked to the formation and evolution of the Idaho Bitterroot batholith; 
lithologies of the stock are representative of igneous members of the IBB and cross-
cutting relations indicate that the plutonic bodies are temporally associated. The SBS is 
similar to the IBB and other Cordilleran interior igneous intrusions in that the stock 
intruded the continental crust east of the Sr .706 line and most likely contains a 
significant crustal component.  However, the SBS does not possess the same 
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Figure 30.  Location of IBB suite samples used for this study. 
characteristics as the majority of peraluminous granites of the Cordilleran Interior; it is 
only slightly peraluminous and contains evidence for interaction between mafic and felsic 
magmas.  Previously this interaction has only been documented in locations such as the 
Idaho batholith (Hyndman et al., 1988; Foster and Hyndman, 1990) and Ireteba pluton of 
southwestern Nevada (D’Andrea, 1998). 
 My goal is to assess the origin of the SBS, evaluate the processes responsible for 
any major and trace element variability, and interpret the importance of syn-plutonic 
mafic magmas.  For this study, I have compiled a granitoid IBB suite from the literature 
to compare with the data available for the SBS felsic suite (Appendix G).  The felsic suite 
of samples was chosen because it is inferred to represent the main-phase bulk melt.  A 
selection criterion for the IBB suite was based on geographic location, mineralogy, and 
documented trace element geochemistry (data was compiled from IBB studies conducted 
by the USGS, Tepper and Kuehner (1999), Foster and Fanning (1997), Shuster and 
Bickford (1995), and Hyndman (1984) (Figure 30).  Differences in trace element 
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concentrations between the SBS and IBB may indicate variable crustal contamination or 
derivation as discrete batches from distinct sources.  In the following sections, I compare 
and contrast the felsic characteristics of the SBS with those of the Idaho Bitterroot 
batholith in order to constrain its history. 
 
 
SBS MAGMA CHARACTERISTICS 
FELSIC MELT 
The granitic main-phase melt of the SBS is felsic (63.99-73.82 wt % SiO2) and 
slightly peraluminous (alumina saturation index = 1.04). There are two distinct felsic 
members represented by biotite-muscovite and biotite-hornblende granitic rocks that 
possibly reflect multiple magmatic episodes or differences in magma fractionation. 
Harker diagrams for major elements display linear trends that indicate a genetic magma 
suite evolution. These rocks have high Sr (200-750 ppm) concentrations with an average 
of 460 ppm, whereas typical I- and S-type granites have much lower average Sr 
concentrations (235 and 112 ppm) (Chappell and White, 1992).  The SBS felsic members 
display a steep LREE pattern, a slight negative Eu anomaly and are depleted in HREE.  It 
has been documented that steeper REE slopes could reflect lower degrees of partial 
melting in more alkaline magmas; this could be true for the SBS (Winter, 2001).  The 
REE trend provides information about the SBS melt source; partial melting of a garnet-
bearing rock will not hold the Sr and Eu, and will fractionate the middle and heavy REE 
(Winter, 2001). This indicates that garnet was not in equilibrium with the SBS melt at the 
time of segregation.   
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Figure 31.  Alumina saturation index for IBB suite samples.
 
 
IBB MAGMA CHARACTERISTICS 
Felsic rocks of the IBB suite consist of granite, granodiorite, and quartz 
monzodiorite (Appendix G) that have variable proportions of biotite and muscovite with 
an average silica content of 70.69 wt %.   The alumina saturation index for the IBB suite 
rocks spans a greater range than the SBS samples, 0.9 to 1.2, averaging ~ 1.05  (Figure 
31).   On the tectonic discrimination diagram constructed from the ratio of Ta versus Yb 
the IBB samples plot as 
volcanic arc and syn-
collisional granitic 
rocks (Figure 32).  This 
indicates that magmatic 
suites of the IBB were 
derived from melting 
processes related to 
subduction at the active 
continental margin and an increased geotherm resulting from collision induced crustal 
thickening.  Major and trace elements for the IBB were plotted with silica as the abscissa 
and Harker variation diagrams for the IBB suite display greater variability and indicate 
that the IBB is more heterogeneous than the satellite SBS (Figure 33).   Concentrations of 
Al2O3 (13-18 wt %), CaO (1-4 wt %) and MgO (1-2 wt %) plot with negatively sloping 
trends similar to those of the SBS felsic suite.  All of the IBB samples generally display a 
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Figure 32.  Tectonic discrimination diagram for IBB 
narrow range for Na2O (2-6 wt %) and K2O (~1-8 wt %) and this is consistent with the 
SBS data for the same elements.   
IBB REE patterns display a 
negatively sloping linear trend with 
minor negative Eu anomalies (Figure 
34). The felsic IBB suite rocks have 
extremely high LREE 
concentrations, 1000 times 
chrondritic La, and all LREE 
measure significantly higher than 
those of the SBS.  This could 
indicate a higher degree of partial 
melting and greater amount of crustal assimilation.   HREE concentrations are 2 times 
greater than the chrondritic normalization and are consistent with those of the SBS.   
Sr concentrations are higher than those observed in SBS samples and range from 
100 to 1300 ppm, averaging 790 ppm.  Large ion lithophile elements (LIL), such as Sr, 
are soluble in aqueous fluids and are easily fractionated into a hydrous fluid phase if one 
is present (Winter, 2001) and this could account for the extremely high concentrations.  
High field strength elements (HFSE) possess higher ionic charges and are much less 
soluble than LILs and are often referred to as “immobile elements”.  Since the LIL and 
HFS elements are all considered incompatible and behave equally in solid-melt exchange, 
the “decoupling” of these two groups and enrichment of the LILs as seen with the IBB, is 
most easily explained by the contribution of H2O-rich fluids in the genesis of subduction 
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Figure 33.  Harker variation diagrams for IBB suite samples.  
zone magmas (Figure 35) (Winter, 2001).   Water contained in the sediments and 
hydrated oceanic crust of the subducted slab would be enriched in LIL elements and  
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Figure 34. REE spider diagram for IBB suite samples.
Figure 35.  Spider diagram for LILs and HFSE of the IBB suite.
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could both lower melting temperatures and concentrate LILs in the resulting hydrated 
magma (Winter, 2001).  Mineralogical and depth relations reported by Hyndman (1981) 
suggest that the Idaho batholith was largely generated under relatively wet conditions 
because it plots essentially on the minimum–melting curve for water-saturated granite. 
 
 
RELATIONSHIP BETWEEN MAFIC AND FELSIC MAGMAS 
The mafic members of the SBS have a significantly lower silica content averaging 
59 wt % and are metaluminous.  Harker variation diagrams for these samples form a 
linear trend with the SBS felsic samples and it is apparent that mafic rocks represent the 
less evolved magma or more primitive member.  These rocks have higher Sr 
concentrations than the felsic samples, averaging 541 ppm.  The mafic members are 
significantly enriched in LREE when compared to the felsic rocks of the SBS and display 
a numeric trend similar to the samples of the IBB.  The overall mafic REE pattern is not 
as steeply sloping as the felsic SBS trend.  There is a more gradual slope apparent 
particularly in the HREE pattern and this indicates that the HREE are much less 
fractionated.  There is a slight positive and negative Eu anomaly and this could be 
attributed to plagioclase being removed or accumulated at two different stages during the 
formation of the melt.   
The mingling of mafic and felsic magmas that is evident in the SBS suggests that 
they influenced each other mechanically and/or chemically.  This is supported by linear 
trends on Harker variation diagrams.  Simultaneous injection of magmas could be 
responsible for elemental variability of the granites and localized hybrid zones support 
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this.  Similarities in the IBB and mafic REE spider diagrams may indicate that genetically 
linked mafic mantle derived melts were chemically altered by heterogeneous crustal 
assimilation. Both diagrams display extremely high LREE concentrations that correspond 
to magmas generated in subduction zone settings.  It remains unknown whether mafic 
magmas of the SBS constitute a major bulk component concealed at depth or if they 
simply provided additional heat to generate the more voluminous felsic melt.   This 
correlation can only be established by isotope analyses and age dating of the mafic and 
felsic members of the SBS. 
 
 
 SBS PETROGENESIS 
 Petrographic and geochemical analyses indicate that the source material for the 
SBS includes both evolved and juvenile components.  The comparison of the SBS and 
the IBB in conjunction with accepted granitoids characteristics shows variations that can 
be interpreted in terms of sources and processes (Figure 36).  Considering field evidence 
and geochemical data, the following scenarios are proposed as viable models for the 
petrogenesis of the Skookum Butte stock.   
One possibility is that first stage mafic melts were derived from a primitive source 
that was contaminated by a significant crustal component and enriched in LREE. This 
melt would pre-date the main-phase magmas of the IBB and is most likely associated 
with subduction and generation of mantle-derived mafic melts.  It is assumed that crustal 
thickening would provide radiogenic heat and cause partial melting and additional 
contribution of crustal material to these melts.  If re-melting of these SBS mafic members 
 41
generated the later stage felsic melt, the apparent differences in LREE concentrations 
indicate that the magma was water under-saturated and that the incompatible elements 
remained in the source rock.  However, it does not seem likely that this magnitude of 
LREE depletion would occur because trace element concentrations are directly related to 
the source of melt.  This mechanism for generating the more evolved melt would also not 
explain why there are two distinct felsic members present in the stock. 
The model most consistent with the data is that the source of melt and contributor 
to the main-phase felsic granite/granodiorites of the SBS was slightly peraluminous and 
depleted in LREE.  Temporal constraints on the emplacement of the SBS suggest that 
earlier mafic phases were linked to subduction related mantle derived melts.  The main-
phase melts of the SBS have geochemical and mineralogical characteristics that are 
associated with I-type metaluminous and S-type peraluminous magma classifications and 
straddle the boundary between the two on A.S.I. diagrams.  This fact could indicate that 
Figure 36.  Classification chart includes SBS, IBB, and general granitoid characteristics. 
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Figure 37.  Spider diagram for LILs and HFSE of the SBS suite.
syn-thickening granitoids coincided both spatially and temporally with Late Cretaceous 
thrusting and were derived from crustal sources such as the Belt Supergroup, underlying 
Paleo-Proterozoic basement rocks and previously emplaced granitic intrusions. Re-
melting of previously emplaced granitoids could explain why the LIL/HFS pattern for the 
SBS felsic suite is indicative of a subduction zone setting (Figure 37). Previous studies 
(Toth and Stacey, 1992; Mueller et al., 1995, Foster et al., 2001; Foster et al., 2005) have 
determined that at least some of the magmas of the IBB represent largely uncontaminated 
melts derived from Paleoproterozoic crust that was itself largely juvenile at the time of its 
formation and this could hold true for the SBS. Though the extent of this ancient crust 
remains unknown, it is of appropriate age and composition to have been a major 
contributor of detritus to the Belt basin (Mueller et al., 1995).  Therefore it could be 
assumed that the composition of the Ysgn, the lowest structural member of the Belt, 
would likely possess a composition similar to the source from which it was derived.  SBS 
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geochemical features are characteristic of Proterozoic Belt metasedimentary rocks and 
trace element analyses suggest that SBS granitic rocks may have been partly derived 
from this source.  The REE pattern observed for rocks of the Ysgn is nearly identical to 
the SBS felsic pattern (Figure 38).  Sr concentrations for the Ysgn unit average 503 ppm, 
which is similar to SBS felsic concentrations (Figure 39). Heterogeneity in crustal source 
material could provide an explanation as to why there are two distinct felsic SBS 
members. Crustally-derived melt possibly formed as advected heat was transferred from 
the emplacement of the first stage mafic magmas or by additional subduction related 
episodic pulses of depleted mantle melts. Limited mixing between felsic and mafic melts 
resulting from differences in viscosity, density and solidus temperatures (Kay et al., 
1992) could explain why hybridization is localized in small areas of the stock.  
The formation of the SBS at ~76 Ma is coeval with regional episodes of 
magmatism, metamorphism and deformation.  Overlapping Cretaceous thrusting and 
magmatism has been documented in the Cabinet Mountains as well as other locations of 
the southwest Montana thrust belt (Hyndman et al., 1988; Fillipone and Yin, 1994).  As 
suggested by Fillipone and Yin (1994), the foreland fold and thrust belt behaved as a 
wedge that experienced synchronous thrusting in its front and rear portions, indicating 
that hinterland magmatism and thrusting was linked with thin-skinned thrusting farther 
onto the craton. This is consistent with the formation of the western Montana Boulder 
batholith located east of the study area; previous dating studies of the batholith indicate 
cooling ages of 78-72 Ma and emplacement is attributed to east-west tear faults that were 
active during Late Cretaceous thrust faulting (Schmidt et al., 1990; Lund et al., 2002).   
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Figure 38.  REE spider diagram for Ysgn unit. 
Figure 39.  Harker plot of Sr and SiO2 for Ysgn samples. 
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           It is interpreted that the genesis of this regional magmatism, coupled with or 
perhaps promoting the development of thrusts, was directly linked to the geometry of the 
subducting Farallon slab.  Multiple studies suggest that the subducting Farallon slab 
evolved from a moderate dip to a low-angle dip during the transition from the Sevier to 
Laramide orogeny in the Late Cretaceous (ca. 80-75 Ma) (Coney and Reynolds, 1977; 
Dickenson and Synder, 1978; Wells and Hoisch, 2008).  It is reasonable that a change in 
slab angle could result in an increase of mantle derived melts as well as a change in 
convergence rates.  
 Further studies of the SBS that incorporated Sr versus Nd isotopic ratios would 
provide valuable age and composition constraints that would tightly bracket the 
formation of the SBS and aid in deciphering the complex evolution of the IBB.  There is 
a complex interplay between multiple processes involved in granitoid genesis and 
associated tectonic regimes; by interpreting the development of this large batholith we 
gain a greater understanding of the development of the Cordilleran orogen in this region.  
According to Burchfiel et al. (1992) back-arc deformation spread eastward, thickening 
the crust and eventually forming the thin-skinned, east-vergent Sevier foreland fold thrust 
belt (~80 Ma) within Precambrian and Mesozoic strata.  During the Laramide (~65 Ma), 
deformation was widely distributed and the North American craton experienced strong 
contractional deformation with the uplift of large, thrust-bounded basement-cored blocks 
(Burchfiel et al., 1992).   During the middle Eocene to early Miocene (ca. 49-20 Ma) the 
Cordilleran foreland fold and thrust belt began to collapse and spread to the west owing 
to a change in plate boundary conditions (Burchfiel et al., 1992). It appears evident that 
 46
multiple stages of magmatism occurred throughout each phase of compressive mountain 
building and remained an important component until gravitational collapse ensued.  
 
 
CONCLUSIONS 
 
 This study has revealed that the rocks of the Skookum Butte stock range from 
biotite-muscovite granite/granodiorite and biotite-hornblende granite/granodiorite, to 
subordinate quartz monzodiorite, and monzogabbro.  Major and trace element 
geochemistry data indicate that the stock was derived from two sources – a more 
juvenile, mafic to intermediate-composition source and an evolved, felsic crustal source.  
The SBS is interpreted to have formed when back-arc deformation spread eastward and 
presumably pre-dates the main phases of the IBB.  The SBS is compositionally and 
geochemically similar to other intrusions of the IBB and the similarities seen can be 
attributed to melting of Paleoproterozoic basement and supracrustal rocks.   
 A general application of the results of this study is the use of granitoid rocks to 
assess the tectonic setting of ancient orogenic belts.  The SBS is a magmatic body that 
may have formed as a result of the shallow subduction of the Farallon slab and the 
associated formation of the fold and thrust belt.  The SBS is presumed older than the 
other peraluminous granites of the region and was most likely emplaced during a time 
when the crust had not yet been significantly overthickened.  The SBS felsic suite has 
considerable lower LREE concentrations when compared to the main-phase melts of the 
IBB and is assumed to have formed as an early stage magma that underwent lesser 
degrees of partial melting and crustal contamination.  In all likelihood, the later stage 
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main-phase peraluminous granites of the IBB were emplaced as a result of subduction 
related compressional activity and the radiogenic heat supplied in the overly thickened 
orogen. At the end of the Cretaceous there is evidence for extension as well as 
compression and this overlap is attributed to an increased geotherm and the formation of 
anorogenic plutons.      
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APPENDIX G 
 
Sample 1121 1125 91TF063 90TF071 91TF079 91TF080 
References 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
Stanford, 
2002, IGS 
GM-32 
(DGM-3) 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Rock Name 
biotite 
granodiorite 
biotite 
granodiorite 
groundmass 
muscovite-
biotite 
granite 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
in magmatite 
Mineralogy 
(if listed) msc, bt msc, bt msc, bt msc, bt 
Latitude 46.4533 46.4497 46.4656 46.4175 46.2686 46.2845 
Longitude -115.6049 -115.6326 -114.9784 -115.5783 -115.3944 -115.3875 
SiO[2]  67.69 66.62 72 70.3 74.4 79 
TiO[2] 0.4 0.33 0.14 0.06 0.14 0.09 
Al[2]O[3] 17.09 17.35 15.6 16.9 14.2 11.8 
Fe[2]O[3] 
Fe[2]0 
FeO* 2.51 2.65 1.04 0.46 0.84 0.65 
MnO 0.04 0.07 0.04 0.01 0.02 0.02 
MgO 0.85 1.08 0.23 0.24 0.12 0.17 
CaO 3.37 3.05 2.24 3 1.46 1.31 
Na[2]O 4.82 5.24 4.53 5.12 3.91 3.39 
K[2]O 2.19 2.16 3.18 2.16 4.17 2.86 
P[2]O[5] 0.14 0.26 0.15 0.09 0.06 0.03 
Total 99.1 98.81 99.15 98.34 99.31 99.32 
Ba 1200 1000 1400 1700 
Sr 887 786 753 515 
Zr 115 80 96 58 161 61 
Rb 88 56 87 63 
La 23.3 19.3 38.9 12.8 
Ce 47.5 41.2 73.5 25.5 
Pr 
Nd 18.7 18.2 27.4 10.9 
Sm 3.56 3.37 4.62 1.95 
Eu 0.78 1.01 0.83 0.41 
Gd 3.03 2.52 3.85 1.51 
Tb 0.43 0.311 0.529 0.192 
Dy 
Ho 0.359 
Er 
Tm 0.124 0.338 0.127 
Yb 0.94 0.71 2.05 0.78 
Lu 0.131 0.097 0.273 0.117 
 
 
Sample 91RL017 91RL023 90RL062 90RL074 91BR112 91MT080 
References 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
Stanford, 
2002, IGS 
GM-34 
(DGM-2) 
Lewis and 
Stanford, 
2002, IGS 
GM-34 
(DGM-2) 
Lewis and 
Stanford, 2002, 
IGS GM-32 
(DGM-3) 
Lewis and 
Stanford, 
2002, IGS 
GM-32 (DGM-
3) 
Rock 
Name 
biotite 
granodiorite? 
muscovite-
biotite 
granite? granite granite 
biotite 
granodiorite 
muscovite-
biotite 
granite 
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Mineralogy 
(if listed) msc, bt msc, bt biotite Biotite msc, bt msc, bt 
Latitude 46.299 46.2911 46.6229 46.6766 46.3155 46.4339 
Longitude -115.5731 -115.5828 -114.7883 -114.7788 -114.6575 -114.8601 
SiO[2]  72.2 74.1 73.4 74.2 73.1 71.3 
TiO[2] 0.2 0.09 0.24 0.21 0.16 0.19 
Al[2]O[3] 15 14.3 13.5 13 15 15.5 
Fe[2]O[3] 
Fe[2]0 
FeO* 1.25 0.8 1.69 1.58 0.86 1.45 
MnO 0.03 0.03 0.04 0.03 0.02 0.03 
MgO 0.33 0.12 0.36 0.29 0.31 0.37 
CaO 1.77 0.65 0.65 0.62 1.74 1.73 
Na[2]O 4.18 4.04 3.97 4.02 4.41 4.46 
K[2]O 3.74 4.58 4.9 4.77 3.39 3.79 
P[2]O[5] 0.08 0.03 0.06 0.03 0.07 0.08 
Total 98.78 98.74 98.81 98.76 99.06 98.9 
Ba 1700 660 550 410 1400 1500 
Sr 886 249 73 70 713 937 
Zr 224 223 75 102 100 234 
Rb 108 156 140 150 78 104 
La 33 17.1 59.8 49.5 14.9 30.3 
Ce 57.1 30.2 117 109 25.9 55.3 
Pr 
Nd 21.4 10.5 40.2 35.9 9.7 20.6 
Sm 3.42 2.56 6.25 6.2 1.91 4.19 
Eu 0.78 0.43 0.54 0.43 0.6 0.78 
Gd 4.62 4.67 
Tb 0.254 0.358 0.598 0.678 0.155 0.361 
Dy 
Ho 0.759 0.935 0.27 
Er 
Tm 0.412 
Yb 0.93 1.34 2.08 2.47 0.32 0.86 
Lu 0.104 0.183 0.298 0.341 0.041 0.108 
 
 
Sample 90BE145 90TF082 90TF083 90TF084A 90TF088 91RL015 
References 
Lewis and 
others, 
unpublished 
mapping, 2001 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Rock 
Name 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
Mineralogy 
(if listed) biotite biotite biotite biotite biotite 
Latitude 46.5669 46.3669 46.3961 46.4044 46.452 46.3714 
Longitude -115.4391 -115.7295 -115.6406 -115.6062 -115.6045 -115.5369 
SiO[2]  69.3 71.4 69.5 71.1 67.3 71.8 
TiO[2] 0.32 0.16 0.24 0.25 0.36 0.26 
Al[2]O[3] 15.6 15.7 16.3 15.4 16.5 14.4 
Fe[2]O[3] 
Fe[2]0 
FeO* 1.86 0.95 1.34 1.59 2.26 1.92 
MnO 0.02 0.01 0.01 0.01 0.03 0.04 
MgO 1.24 0.38 0.44 0.51 0.73 0.78 
CaO 2.56 2.39 2.61 2.39 3.47 2.23 
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Na[2]O 4.4 4.76 4.83 4.41 4.76 3.98 
K[2]O 3.39 2.74 3.13 2.94 2 3.24 
P[2]O[5] 0.1 0.11 0.18 0.08 0.29 0.09 
Total 98.79 98.6 98.58 98.68 97.69 98.74 
Ba 1200 1200 1600 1200 1000 1400 
Sr 651 751 1000 733 1140 634 
Zr 248 284 413 133 208 136 
Rb 82 56 66 87 52 90 
La 19.1 69.4 71.9 71.2 236 21.1 
Ce 37.9 151 151 149 461 39.5 
Pr 
Nd 16.5 62.4 59.7 58.5 157 16.3 
Sm 2.89 10.3 8.83 8.9 18.9 3.09 
Eu 0.72 1.59 1.36 1.37 2.39 0.86 
Gd 1.92 7.73 5.44 5.02 11.2 
Tb 0.224 1.01 0.612 0.453 1.15 0.314 
Dy 
Ho 1 0.468 1.16 
Er 
Tm 0.396 0.333 0.18 0.335 
Yb 0.53 2.27 1.91 1.15 2.05 0.9 
Lu 0.069 0.33 0.239 0.195 0.308 0.128 
 
 
Sample 91TF019 91TF058 91TF060 91TF062B 91TF082B 90RL094 
References 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Rock 
Name 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
biotite 
granodiorite 
porphyritic 
biotite 
granodiorite 
Mineralogy 
(if listed) biotite biotite biotite biotite biotite 
Latitude 46.231 46.415 46.4055 46.4593 46.4374 46.4492 
Longitude -115.4187 -115.1739 -115.1875 -115.0394 -115.1062 -115.228 
SiO[2]  71.9 71.1 72 72.1 71.3 70.2 
TiO[2] 0.24 0.2 0.18 0.19 0.21 0.17 
Al[2]O[3] 15.2 15.9 15.3 15.3 15.8 16 
Fe[2]O[3] 
Fe[2]0 
FeO* 1.4 1.06 1.12 1.18 1.27 1.54 
MnO 0.02 0.02 0.02 0.02 0.03 0.01 
MgO 0.31 0.26 0.26 0.25 0.32 0.45 
CaO 2.35 1.96 1.72 1.76 1.98 2.49 
Na[2]O 4.43 5 4.46 4.54 4.79 4.38 
K[2]O 3.09 3.42 3.99 3.67 3.38 3.5 
P[2]O[5] 0.1 0.06 0.03 0.05 0.06 0.06 
Total 99.04 98.98 99.09 99.05 99.14 98.8 
Ba 1700 1600 1700 1700 1600 1700 
Sr 991 1110 990 960 1120 1020 
Zr 122 138 142 122 135 154 
Rb 56 62 70 65 82 71 
La 61.5 34.3 31.9 37.2 40 26.9 
Ce 118 67.7 62.3 75.4 81.1 54.8 
Pr 
Nd 43.4 26.4 25.9 30.7 31.7 22.7 
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Sm 6.87 4.43 4.23 5.22 5.42 3.97 
Eu 1.3 0.86 0.91 0.9 0.96 0.9 
Gd 5.35 3.34 2.9 3.79 3.98 2.64 
Tb 0.597 0.337 0.312 0.411 0.455 0.321 
Dy 
Ho 0.352 
Er 
Tm 0.207 0.1 0.153 0.122 0.173 0.1 
Yb 1.13 0.57 0.93 0.73 1.02 0.57 
Lu 0.153 0.09 0.141 0.108 0.14 0.093 
 
 
Sample 90TF114 90TF116 90TF117 91MT066 91TF064 91RL126 
References 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
others, 
unpublished 
mapping, 2002 
Lewis and 
Stanford, 
2002, IGS 
GM-34 (DGM-
2) 
Lewis and 
Stanford, 
2002, IGS GM-
34 (DGM-2) 
Rock 
Name 
porphyritic 
biotite 
granodiorite 
porphyritic 
biotite 
granodiorite 
porphyritic 
biotite 
granodiorite 
porphyritic 
biotite 
granodiorite 
biotite 
granodiorite 
megacrystic 
granodiorite 
Mineralogy 
(if listed) msc, bt biotite biotite msc, bt biotite msc, bt 
Latitude 46.4222 46.4195 46.4389 46.4412 46.5077 46.5026 
Longitude -115.3192 -115.4122 -115.5161 -115.4911 -114.7965 -114.817 
SiO[2]  71.8 71.3 69.5 69 71.8 67.2 
TiO[2] 0.13 0.12 0.17 0.26 0.21 0.47 
Al[2]O[3] 15.6 15.8 16.6 16.4 15.6 15.5 
Fe[2]O[3] 
Fe[2]0 
FeO* 1.21 1.15 1.47 1.97 1.49 3.82 
MnO 0.01 0.01 0.01 0.04 0.02 0.12 
MgO 0.33 0.3 0.43 0.56 0.34 1.53 
CaO 2.1 2.74 3.3 3.14 1.85 2.77 
Na[2]O 4.37 4.16 4.39 4.52 5.12 4.41 
K[2]O 3.55 3.38 2.78 2.68 2.74 2.26 
P[2]O[5] 0.07 0.1 0.13 0.11 0.06 0.21 
Total 99.17 99.06 98.78 98.68 99.24 98.29 
Ba 1300 1800 1600 1100 940 890 
Sr 790 1010 1150 1021 598 850 
Zr 178 180 144 198 222 194 
Rb 77 57 56 75 93 156 
La 38.9 51.5 41.1 40.5 38.7 29.7 
Ce 78.7 105 81.2 74.2 78.3 57.7 
Pr 
Nd 32.7 42.8 33 27.8 31.1 25.4 
Sm 5.23 7.09 5.05 5.35 5.56 5.72 
Eu 0.93 1.12 1.14 1.13 0.89 0.99 
Gd 4.09 5.32 3.74 4.55 
Tb 0.535 0.534 0.417 0.38 0.637 0.66 
Dy 
Ho 
Er 
Tm 0.202 0.122 0.136 0.366 
Yb 1.27 0.71 0.8 0.67 2.3 1.87 
Lu 0.178 0.104 0.124 0.095 0.331 0.215 
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Sample 91TF046 91TF072B 91MT068 91 Mt-68 93-29 IG 1 
References 
Lewis and 
Stanford, 2002, 
IGS GM-34 
(DGM-2) 
Lewis and 
Stanford, 2002, 
IGS GM-34 
(DGM-2) 
Lewis and 
others, 
unpublished 
mapping, 2002 
Tepper and 
Kuehner, 
1999 
Foster and 
Fanning, 1997  
Shuster 
and 
Bickford, 
1985 
Rock Name 
megacrystic 
granodiorite 
megacrystic 
granodiorite 
biotite 
granodiorite 
bt 
granodiorite 
bt 
granodiorite granite 
Mineralogy 
(if listed) biotite biotite 
plag, qtz, bt, 
k-spar msc, k-spar 
Latitude 46.5031 46.5056 46.3203 46.197 46.234 46.063 
Longitude -114.8278 -114.8234 -115.5983 -115.3552 -114.3788 -114.155 
SiO[2]  71.7 69.8 70.8 70.97 73.31 71.94 
TiO[2] 0.24 0.22 0.36 0.34 0.23 0.24 
Al[2]O[3] 15.1 15.9 14.7 14.82 14.12 15.42 
Fe[2]O[3] 2.89 1.7 
Fe[2]0 1.61 
FeO* 1.74 1.78 2.58 
MnO 0.05 0.04 0.05 0.05 0.02 0 
MgO 0.54 0.63 1.16 1.22 0.49 0.39 
CaO 3.04 3.85 2.63 2.65 1.63 1.9 
Na[2]O 4.49 4.17 4.06 3.92 2.88 4.35 
K[2]O 1.77 1.66 2.5 2.5 4.25 3.46 
P[2]O[5] 0.16 0.21 0.13 0.11 0.03 0 
Total 98.83 98.26 98.97 99.47 98.66 99.31 
Ba 900 980 1200 1196 938 1551 
Sr 1170 1340 790 679 307 829 
Zr 168 186 146 133 
Rb 60 53 80 76 115 81 
La 37.3 33 34.2 33.9 22 27 
Ce 77.7 69.8 63.3 66.5 39 54 
Pr 7.5 
Nd 34.3 31.3 22.9 
Sm 6.52 5.85 4.4 4.61 3.3 
Eu 1.26 1.35 1.01 1.05 1.4 
Gd 5.22 4.37 3.39 
Tb 0.719 0.554 0.398 0.42 
Dy 1.98 
Ho 0.35 
Er 0.85 
Tm 0.431 0.201 0.11 
Yb 2.65 1.33 0.97 0.77 0.2 
Lu 0.391 0.198 0.114 0.12 
 
 
Sample IG 3 IG 5A IG 6A IG 9A IG 10 IG 11A 
References Shuster and Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 1985 
Rock Name 
quartz 
monzonite 
quartz 
monzonite 
quartz 
monzonite 
quartz 
monzonite 
quartz 
monzonite 
quartz 
monzonite 
Mineralogy 
(if listed) 
Latitude 46.071 46.075 46.076 46.082 46.085 46.071 
Longitude -114.174 -114.195 -114.209 -114.237 -114.253 -114.299 
SiO[2]  74.57 70.1 70.99 69.47 70.68 70.99 
TiO[2] 0.13 0.22 0.23 0.23 0.22 0.23 
Al[2]O[3] 13.64 14.91 14.87 15.7 15.89 15.05 
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Fe[2]O[3] 
Fe[2]0 0.78 1.53 1.56 1.36 1.45 1.55 
FeO* 
MnO 0 0 0 0 0 0 
MgO 0.16 0.36 0.37 0.34 0.31 0.3 
CaO 1.35 1.85 1.9 2.03 2.07 1.92 
Na[2]O 3.98 4.29 4.44 4.62 4.78 4.52 
K[2]O 3.98 3.57 3.22 3.74 3.5 3.28 
P[2]O[5] 0 0 0 0 0 0 
Total 98.59 96.83 97.58 97.49 98.9 97.84 
Ba 1419 1604 1598 1997 1763 1650 
Sr 709 932 1009 1108 1036 941 
Zr 54 136 119 139 149 140 
Rb 92 65 53 52 50 73 
La 29 
Ce 69 
Pr 
Nd 
Sm 3.8 
Eu 0.5 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 0.1 
Lu 
 
 
Sample IG 12A IG 14D IG 15A IG 20A IG 23 IG 24B 
References Shuster and Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 
1985 
Shuster and 
Bickford, 
1985 
Shuster and 
Bickford, 
1985 
Rock Name 
quartz 
monzonite 
medium-
grained 
granite 
coarse-
grained 
granite 
coarse-
grained 
granite 
medium-
grained 
granite 
medium-
grained 
granite 
Mineralogy 
(if listed) 
k-spar 
megacrysts 
k-spar 
megacrysts 
k-spar 
megacrysts 
Latitude 46.262 46.188 46.317 46.321 46.312 46.315 
Longitude -114.324 -114.385 -114.206 -114.203 -114.203 -114.204 
SiO[2]  73.68 75.29 67.43 67.09 69.82 65.74 
TiO[2] 0.2 0.11 0.28 0.48 0.34 0.43 
Al[2]O[3] 14.82 13.85 16.31 15.99 15.47 16.87 
Fe[2]O[3] 
Fe[2]0 1.59 0.76 1.86 3.26 2.74 3.72 
FeO* 
MnO 0 0 0 0 0 0 
MgO 0.33 0.13 0.46 0.79 0.58 0.87 
CaO 1.78 0.95 1.6 2.44 3.12 4.19 
Na[2]O 4.05 2.92 3.33 3.64 5.38 4.3 
K[2]O 3.77 5.8 7.18 5.19 1.59 2.19 
P[2]O[5] 0 0 0 0 0 0 
Total 100.22 99.81 98.45 98.88 99.04 98.31 
Ba 2069 1529 2815 2235 394 1082 
Sr 953 385 572 596 347 812 
Zr 100 29 153 268 154 197 
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Rb 64 148 186 145 78 93 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
 
 
Sample IG 25 IG 26 IG 31A IG 32A IG 33A IG 37A 
References Shuster and Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 
1985 
Shuster and 
Bickford, 
1985 
Shuster and 
Bickford, 1985 
Rock Name 
medium-
grained 
granite 
coarse-
grained 
granite 
slightly foliated 
medium-
grained  
medium-
grained 
granite 
medium-
grained 
granite 
medium-to-
coarse 
grained 
granite 
Mineralogy 
(if listed)  
k-spar 
megacrysts 
k-spar 
megacrysts 
k-spar 
megacrysts 
Latitude 46.307 46.309 46.303 46.302 46.301 46.299 
Longitude -114.205 -114.205 -114.218 -114.222 -114.224 -114.231 
SiO[2]  65.57 65.22 65.31 71.28 70.15 72.54 
TiO[2] 0.42 0.44 0.52 0.26 0.26 0.24 
Al[2]O[3] 17 16.66 16.83 15.5 15.89 14.8 
Fe[2]O[3] 
Fe[2]0 3.74 3.74 4.31 1.88 1.88 1.92 
FeO* 
MnO 0 0 0 0 0 0 
MgO 0.76 0.84 1.09 0.36 0.38 0.35 
CaO 4.03 4.31 4.26 1.59 1.63 1.42 
Na[2]O 4.71 4.66 4.43 3.27 3.47 3.5 
K[2]O 2.36 1.7 1.64 5.19 5.31 5.3 
P[2]O[5] 0 0 0 0 0 0 
Total 98.59 97.57 98.39 99.33 98.97 100.07 
Ba 1126 728 1666 1371 1341 889 
Sr 762 817 942 355 366 297 
Zr 186 213 236 169 163 173 
Rb 98 87 70 146 146 176 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
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Tm 
Yb 
Lu 
 
 
Sample IG 38 IG 39 IG 40 IG 49 114.65 118.6 
References Shuster and Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 1985 
Shuster and 
Bickford, 
1985 
Hyndman, 
1984 
Hyndman, 
1984 
Rock Name 
medium-
grained 
megacrystic 
granite 
medium-
grained 
equigranular 
granite 
megacrystic 
granite 
foliated 
medium-
grained 
granite 
granodiorite 
to granite 
granodiorite 
to granite 
Mineralogy 
(if listed) 
qtz, k-spar, 
plag, bt, msc 
qtz, k-spar, 
plag, bt, msc 
Latitude 46.295 46.299 46.291 46.334 ~46.00 ~46.00 
Longitude -114.21 -114.219 -114.235 -114.193 ~-115.00 ~-115.00 
SiO[2]  66.72 66.12 67.5 70.97 72.96 70.55 
TiO[2] 0.54 0.48 0.2 0.35 0.21 0.27 
Al[2]O[3] 15.89 16.1 17.89 15.28 15.48 16 
Fe[2]O[3] 0.91 0.72 
Fe[2]0 3.7 3.74 1.45 2.84 
FeO* 0.67 0.7 
MnO 0 0 0 0 0.02 0.02 
MgO 0.91 0.89 0.31 0.47 0.43 0.43 
CaO 2.46 2.75 2.18 1.59 1.74 1.83 
Na[2]O 3.9 3.88 4.2 2.78 4.05 4.45 
K[2]O 4.42 4.06 6.05 5.37 3.98 3.95 
P[2]O[5] 0 0 0 0 0.06 0.04 
Total 98.54 98.02 99.78 99.65 100.51 98.96 
Ba 2542 2274 2550 3320 1505.3 1847.2 
Sr 676 634 560 659 582.8 911.4 
Zr 257 327 166 296 141.6 159.9 
Rb 146 125 158 120 76.6 97.8 
La 94 82 32 
Ce 205 177 74 67.1 60.1 
Pr 
Nd 
Sm 8.6 6.4 3 
Eu 1.1 1 4.7 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 0 0 0 
Lu 
 
 
Sample 122.35 126.15 131.05 132.55 134.15 
References Hyndman, 1984 Hyndman, 1984 Hyndman, 1984 Hyndman, 1984 Hyndman, 1984 
Rock Name granodiorite 
biotite 
granodiorite to 
quartz 
monzodiorite 
biotite 
granodiorite to 
quartz 
monzodiorite 
biotite 
granodiorite to 
quartz 
monzodiorite 
biotite 
granodiorite to 
quartz 
monzodiorite 
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Mineralogy 
(if listed) 
qtz, k-spar, 
plag, bt, msc 
qtz, k-spar, plag, 
bt, msc 
qtz, k-spar, plag, 
bt, msc 
qtz, k-spar, plag, 
bt, msc 
qtz, k-spar, plag, 
bt, msc 
Latitude ~46.00 ~46.00 ~46.00 ~46.00 ~46.00 
Longitude ~-115.00 ~-115.00 ~-115.00 ~-115.00 ~-115.00 
SiO[2]  70.87 70.83 71.63 69.96 70.66 
TiO[2] 0.2 0.25 0.24 0.23 0.24 
Al[2]O[3] 15.7 15.95 15.77 15.93 15.99 
Fe[2]O[3] 0.58 0.38 0.72 0.7 0.76 
Fe[2]0 
FeO* 0.88 1.04 0.66 0.72 0.7 
MnO 0.02 0.03 0.02 0.02 0.03 
MgO 0.46 0.46 0.12 0.39 0.47 
CaO 2.72 2.03 1.85 1.85 1.81 
Na[2]O 4.56 4.33 4.44 4.59 4.76 
K[2]O 2.55 4.04 4 3.83 3.55 
P[2]O[5] 0.04 0.06 0.04 0.07 0.07 
Total 98.58 99.4 99.49 98.29 99.04 
Ba 951.9 1542.4 1866.8 1840.2 1604.1 
Sr 630.4 863.9 1007.1 1080.3 993.1 
Zr 124 139 138.2 146.1 144.4 
Rb 59 98.2 65.7 65.7 93.7 
La 
Ce 61.7 54.7 37.3 48.1 48.2 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
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136.65 Sample 137.15 139.05 141.2 142.8 
Hyndman, 1984 References Hyndman, 1984 Hyndman, 1984 Hyndman, 1984 Hyndman, 1984 
biotite 
granodiorite to 
quartz 
monzodiorite Rock Name 
biotite 
granodiorite to 
quartz 
monzodiorite 
biotite 
granodiorite to 
quartz 
monzodiorite 
biotite 
granodiorite to 
quartz 
monzodiorite 
biotite 
granodiorite to 
quartz 
monzodiorite 
qtz, k-spar, 
plag, bt, msc 
Mineralogy 
(if listed) 
qtz, k-spar, 
plag, bt, msc 
qtz, k-spar, 
plag, bt, msc 
qtz, k-spar, 
plag, bt, msc 
qtz, k-spar, 
plag, bt, msc 
~46.00 Latitude ~46.00 ~46.00 ~46.00 ~46.00 
~-115.00 Longitude ~-115.00 ~-115.00 ~-115.00 ~-115.00 
72.48 SiO[2]  70.64 70.86 72.21 71.07 
0.22 TiO[2] 0.23 0.23 0.18 0.18 
15.31 Al[2]O[3] 16.11 15.55 15.23 15.83 
0.64 Fe[2]O[3] 0.64 0.51 0.55 0.72 
Fe[2]0 
0.58 FeO* 0.69 0.82 0.59 0.68 
0.02 MnO 0.03 0.02 0.02 0.05 
0.45 MgO 0.45 0.43 0.35 0.45 
1.82 CaO 1.87 1.9 1.46 2.31 
4.28 Na[2]O 4.63 4.56 4.03 4.6 
3.78 K[2]O 3.7 3.64 4.16 3.1 
0.04 P[2]O[5] 0.06 0.06 0.05 0.09 
99.62 Total 99.05 98.58 98.83 99.08 
1533.3 Ba 1725.1 1916.5 1599.5 1318.5 
973.5 Sr 1053.4 1042.2 736 889 
117.2 Zr 128.6 138.2 95.4 104.8 
79 Rb 93.9 75.6 98.7 85.2 
La 
121 Ce 48.7 50.4 28.6 33.8 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
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